INTRODUCTION
============

Currently, two instruments are used to assess intraocular lens (IOL) power: the ultrasound (US) A-scan and optical biometry based on partial coherence interferometry (PCI). Ultrasound scan biometry has been the gold standard for a long time. Some authors have shown better refractive predictability with PCI than with contact US,[@B1][@B2][@B3][@B4][@B5] whereas others have shown comparable results between PCI and immersion US.[@B6][@B7] The Lenstar (Haag-Streit AG, Koeniz, Switzerland) and IOLMaster (Carl Zeiss, Jena, Germany) biometers have been used to make accurate biometry measurements for choosing IOL power on the basis of predicted postoperative refractive outcomes. Lenstar is a noncontact instrument that uses optical low-coherence reflectometry. Previous studies have reported the accuracy and repeatability of ocular biometry by use of the Lenstar biometer.[@B8][@B9] In addition, ocular biometry measurements by use of the Lenstar instrument show a high degree of consistency with measurements made by use of the PCI-based IOLMaster biometer and A-scan.[@B8]

The manufacturer\'s recommended A-constants are based on US measurements and thus may not be directly transferable to measurements obtained by using light-based PCI. Previous studies have proven that optimization produces more favorable outcomes for predicting refraction with the use of PCI after cataract surgeries.[@B10][@B11][@B12] However, no study has been published on the benefits of optimization of the IOL constant and the factors related to the accuracy of IOL power calculation by use of the Lenstar biometer.

The purpose of this study was to evaluate and compare refractive outcomes obtained by conventional methods (manual and automated keratometer with contact US) and by use of the Lenstar biometer with and without IOL-constant optimization. Factors affecting the accuracy of IOL power calculations by Lenstar with and without IOL-constant optimization were also investigated.

MATERIALS AND METHODS
=====================

Study subjects included a total of 86 patients (100 eyes) who underwent uncomplicated phacoemulsification surgery with in-the-bag IOL implantation in the Department of Ophthalmology, Chonnam National University Hospital, between May 2013 and October 2013. Informed consent was obtained from each subject enrolled in this study. The Chonnam National University Hospital Institutional Review Board reviewed and approved the study protocol. All study conduct adhered to the tenets of the Declaration of Helsinki.

1. Patient assessments and surgeries
------------------------------------

Before surgery, the patients underwent assessments of uncorrected visual acuity and best corrected visual acuity, manifest refraction and slit-lamp examination, intraocular pressure measurement with Goldmann applanation tonometry, and dilated fundus examination. Corneal curvature was measured by using Lenstar (Haag-Streit AG), an automated keratometer (KR 8900®; Topcon, Tokyo, Japan), and a manual keratometer (Bausch & Lomb, Rochester, NY, USA). Axial length (AL) was also measured with Lenstar and A-scan (Mentor®; Mentor O & O Inc., Norwell, MA, USA). The measurements of AL and corneal curvature were made by one experienced examiner. The average time of examination with the Lenstar was 1 or 2 minutes in all patients. Patients with posterior capsular opacification, mature cataracts, previous ocular surgery other than cataract surgery, intraoperative complications, postoperative visual acuity less than 6/12, or poor cooperation were excluded from this study.

The surgeries were performed with the use of topical anesthesia by one surgeon. A temporal corneal incision, continuous curvilinear capsulorrhexis, hydrodissection, and phacoemulsification with the Infinity machine (Alcon, Fort Worth, TX, USA) were performed to remove the cataract. A foldable posterior chamber IOL was implanted in the capsular bag. The IOLs used in the study were one-piece acrylic IOLs (SN60WF; Alcon). All of the surgeries were sutureless. Manifest refraction, uncorrected visual acuity, best corrected visual acuity, and intraocular pressure were assessed four times postoperatively: at 1 week, 2 weeks, 1 month, and 2 months after the surgery.

2. Power calculations
---------------------

IOL power calculations were obtained by measurements with (1) automated keratometer and A-scan (AK + A), (2) manual keratometer and A-scan (MK + A), (3) Lenstar without IOL-constant optimization (LW/OO), and (4) Lenstar with IOL-constant optimization (LWO). The IOL power calculation with Lenstar was performed by using the software program installed on the device. The target was emmetropia using the SRK/T formula (recommended and previously optimized ultrasound A-constant, 118.7; Lenstar optimized A-constant, 119.02). The optimized IOL constant was obtained from East Valley Ophthalmology (Mesa, AZ, USA; [www.doctor-hill.com](http://www.doctor-hill.com)). The final refraction \[spherical equivalent (SE)\] was measured by using an autorefractometer (KR 8900®; Topcon) at 2 months postoperatively. Mean absolute error (MAE) was defined as the average absolute value of the numerical error (ie, the final postoperative SE minus the predicted postoperative SE). Accuracy was analyzed by comparing the mean numerical errors (MNEs) and MAEs among devices. The distribution and proportion of MAEs within 0.5 to 2.0 D were investigated.

Factors related to the accuracy of IOL power calculation included severity of nuclear sclerosis, corneal curvature, spherical equivalent, and AL before cataract surgery; the statistical significance of these factors on MAEs was investigated. Severity of nucleosclerosis was determined by using the lens opacities classification system (LOCS) III classification (mild: ≤NO2/NC2, moderate: \>NO2/NC2 and ≤NO4/NC4, and severe: \>NO4/NC4). The ALs were categorized into three groups: shorter than 23 mm, 23 to 25 mm, and longer than 25 mm. Corneal curvature was also categorized into three groups: smaller than 42 D, 42 to 44 D, and larger than 44 D.[@B13]

3. Statistical analysis
-----------------------

SPSS version 18.0 for Windows (SPSS Inc., Chicago, USA) and MedCalc (MedCalc, Mariakerke, Belgium) were used. The paired t-test was used to compare ALs between two instruments. Corneal curvature measurements were compared among the three instruments by using analysis of variance (ANOVA). Bland-Altman plots were used to assess the level of agreement (LoA; width of the 95% limits of agreement). The Kruskal-Wallis test was used to test the difference among instruments for MNE and MAE. The Student\'s t-test and Kruskal-Wallis test were used to analyze the factors affecting MAE. A p value\<0.05 was considered statistically significant.

RESULTS
=======

The patients\' mean age was 67.62±10.64 years. There were 46 women and 40 men. Corneal curvatures measured by MK, AK, and Lenstar were 43.98±1.49 D, 43.92±1.49 D, and 43.86±1.49 D, respectively ([Table 1](#T1){ref-type="table"}). No statistically significant difference was found in the corneal curvatures obtained by using the three instruments (p=0.85). The measurements of AL obtained by using Lenstar were significantly higher than those obtained by using A-scan (23.37±1.13 mm versus 23.20±1.13 mm; p\<0.01). However, Bland-Altman plots of keratometry and AL data revealed excellent agreement between instruments with a 95% LoA ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

The MNEs were -0.11±0.51, -0.19±0.55, -0.24±0.58, and -0.21±0.61 for MK + A, AK + A, LW/OO, and LWO, respectively. There were no significant differences in MNE between the methods used for IOL power calculation (p=0.13). The MAEs were 0.50±0.40, 0.51±0.43, 0.67±0.52, and 0.55±0.49 for MK + A, AK + A, LW/OO, and LWO, respectively. The MAE also did not differ significantly (p=0.11). The proportions of MAE within 0.5 D were 62%, 58%, 46%, and 62% for MK + A, AK + A, LW/OO, and LWO, respectively. The respective ratios of MAE within 1.0 D were 86%, 84%, 76%, and 82% ([Table 2](#T2){ref-type="table"}).

In the analysis of the factors affecting the IOL power calculation by use of Lenstar with and without IOL-constant optimization, severity of nucleosclerosis and preoperative spherical equivalent did not affect the MAE. Without IOL-constant optimization, the MAE was significantly smaller in eyes with ALs between 23 and 25 mm than in eyes with an AL shorter than 23 mm or longer than 25 mm (p=0.03; [Table 3](#T3){ref-type="table"}). With IOL-constant optimization, the MAE was significantly smaller in the eyes with corneal curvature greater than 44 D (p=0.03; [Table 4](#T4){ref-type="table"}). In contrast, the MAE was larger when the corneal curvature was less than 44 D.

DISCUSSION
==========

In cases involving cataract surgery, preoperative IOL power calculations are indispensable for reaching the desired postoperative goal. An error of 0.1 mm in AL measurement can lead to MAE values of 0.25 D to 0.75 D. An error of 0.5 D in the keratometric reading also can lead to a refractive error of ±1.17 D.[@B14] In this study, we found a high degree of consistency between corneal curvature and ALs measured by Lenstar and measurements made by other instruments. The previous study also demonstrated that ocular biometric findings obtained by using A-scan, IOL Master, and Lenstar were highly comparable.[@B9] However, another study reported that the AL values in eyes with cataracts were significantly longer when measured by Lenstar than when measured by A-scan.[@B15] Our study also showed that ALs obtained by using Lenstar were 0.17 mm higher than ALs measured by use of A-scan. There are two reasons for this finding. First, AL is measured by the noncontact method with the Lenstar biometer. Second, AL is measured at the level of the retinal pigment epithelium and not the internal limiting membrane.

Constant optimization is the process by which the IOL constant is adjusted to minimize systematic errors.[@B16] The process of constant optimization has little effect on the distribution of outcomes around the mean,[@B16] but maximizes the proportion of eyes within a particular target range and minimizes the MAE. IOL constant optimization has been shown to significantly improve prediction accuracy for contact US (from 79.7% to 82.5% within ±1.0 D),[@B17] immersion US (from 60.0% to 65.0% within ±0.5 D),[@B11] and optical biometry (from 76-89% to 92-94% within ±1.0 D, dependent upon IOL model and formula).[@B12] The previous study reported that serial modifications to the A-constant were successful in reducing the unexpected errors.[@B10] Other studies found significant improvement in IOL power prediction and refractive outcomes when using IOLMaster with optimized A-constants, generating refractive errors of \<0.25 D in 40%, \<0.50 D in 75%, and \<1.0 D in 95% of eyes.[@B18] However, no study has reported differences in refractive outcomes by use of Lenstar with and without IOL-constant optimization. Furthermore, this is first report that has analyzed the factors related to the accuracy of IOL power calculation with the use of the Lenstar biometer.

We evaluated MNE and MAE with and without IOL-constant optimization by use of the Lenstar biometer. The MNE and MAE were also compared with values based on the refractive power obtained by MK + A and AK + A. The MNE and MAE did not differ significantly between groups. We found that the IOL power calculations had no significant differences among the devices. However, measurement accuracy is better characterized by the proportion of eyes under the refractive value limits of 0.5 D and 1.0 D. The ratios of MAE within 0.5 D and 1.0 D using LWO (62% and 82%) were superior to those using LW/OO (46% and 76%). Furthermore, the results of MAE within 0.5 D or 1.0 D using LW/OO were worse than those of conventional methods.

Previous studies have shown various effects of AL, keratometry, and the severity of cataract on the precision of IOL power calculations with IOLMaster.[@B19][@B20][@B21] Ueda et al.[@B19] reported that postoperative outcome was affected by cataract density using IOLMaster. Hsieh and Wang,[@B13] however, reported that many factors, including age, AL, keratometry, severity of cataract, and DM status exerted no effects on IOL power predictability regardless of the IOL power calculation method using IOLMaster or A-scan. In the present study, we investigated preoperative factors that affected the accuracy of IOL power calculation with and without IOL-constant optimization with the use of Lenstar. We found that various factors, including the severity of nuclear sclerosis and preoperative spherical equivalent, had insignificant effects on MAE regardless of IOL-constant optimization. However, before IOL-constant optimization, AL had a significant effect only when it was either longer than 25 mm or shorter than 23 mm. Häsemeyer et al.[@B21] reported that the difference in refractive error using IOLMaster was significantly larger in eyes with an AL shorter than or equal to 23.2 mm than in eyes with an AL longer than 23.2mm. Kim et al.[@B22] also demonstrated that eyes with an AL ≤23 mm showed significantly greater hyperopic shifts in postoperative refraction. However, Song et al.[@B3] reported that the MAE increased in eyes with an AL longer than 25 mm. The previous study reported a trend that the MAE was smaller in the group with keratometric readings less than 42 D when autorefractometer, ultrasound, and IOLMaster were used, but not significantly.[@B13] In the present study, after IOL-constant optimization, on the other hand, corneal curvature led to significant differences in MAE (\>44 D; p=0.03). Additional studies of the different factors affecting IOL power calculation using Lenstar according to IOL constant optimization will be needed in the future.

The present study had several limitations. First, our study had a retrospective design involving a relatively small number of patients. Second, the follow-up period was short. Third, we did not compare our results with rotating Scheimpflug imaging, scanning slit corneal topography, and IOLMaster, which have been broadly used for IOL-power calculation. Fourth, we did not compare various IOL-power calculation formulas.

In conclusion, Lenstar with IOL-constant optimization improved the prediction of refractive power compared with Lenstar without IOL-constant optimization after cataract surgery. The refractive outcomes of the conventional method were as accurate as Lenstar with IOL-constant optimization. However, the results of MAE within 0.5 or 1.0 D using Lenstar without optimization were worse than those of conventional methods. The AL can influence the accuracy of refractive outcomes determined by using Lenstar without IOL-constant optimization; whereas, with IOL-constant optimization, significant differences depend on corneal curvature. Therefore, our results suggest that these factors should be taken into consideration before cataract surgery.
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###### Biometry measurements by manual keratometer, automated keratometer Lenstar, and A-scan
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AL: axial length, K: keratometry, MK: manual keratometer, AK: automated keratometer.

Data are expressed as the mean±standard deviation.

^\*^p\<0.05.

###### Comparison of prediction error between A-scan with automated keratometer and manual keratometer, and Lenstar
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MK: manual keratometer, AK: automated keratometer, MNE: mean numerical error, MAE: mean absolute error.

Data are expressed as the mean±standard deviation.

###### Factors that influence IOL power calculation by Lenstar (non-optimized IOL-constant)
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Mild: ≤NO2/NC2, Moderate: \>NO2/NC2 and ≤NO4/NC4, and Severe: \>NO4/NC4, IOL: intraocular lens, MAE: mean absolute error, SE: spherical equivalent.

^\*^p\<0.05.

###### Factors that influence IOL power calculation by Lenstar (optimized IOL-constant)
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Mild: ≤NO2/NC2, Moderate: \>NO2/NC2 and ≤NO4/NC4, and Severe: \>NO4/NC4, IOL: intraocular lens, MAE: mean absolute error, SE: spherical equivalent.

^\*^p\<0.05.
